SGN-CD33A is a novel antibody-drug conjugate, consisting of an engineered anti-CD33 mAb conjugated to a potent DNA cross-linking cytotoxin.
Introduction
Acute myeloid leukemia (AML) remains a challenge in hematologic oncology, with an estimated 13 780 new cases and 10 200 deaths in the last year in the United States alone. 1 Outcomes are particularly poor in older individuals because of a lower tolerance for the intensive chemotherapy required to achieve morphologic remission and because of a higher prevalence of chemoresistance (multidrug resistance [MDR]), primarily mediated through the ATPbinding cassette superfamily of proteins such as P-glycoprotein (ATP-binding cassette B1). [2] [3] [4] [5] [6] Thus, there is ongoing need for new, efficacious, and better-tolerated therapeutics for patients with AML.
In addition to systemic chemotherapy, the use of monoclonal antibodies (mAbs), including those conjugated to potent cytotoxic agents, has been a focus of preclinical and clinical investigation during the past 15 years. The majority of those antibodies developed to date target the sialic acid-binding sialoadhesin receptor family member CD33 (sialic acid-binding sialoadhesin receptor 3), which is expressed on malignant cells in the vast majority of patients with AML. [7] [8] [9] [10] Although unconjugated anti-CD33 antibodies were found to be largely ineffective in patients with AML, 11, 12 encouraging results were obtained with gemtuzumab ozogamicin (GO), a CD33targeting antibody-drug conjugate (ADC) employing calicheamicin as the toxic moiety. 9, 10 Specifically, GO has single-agent activity in a subset of patients with relapsed AML, 13, 14 and more important, it has recently been shown to improve survival in some patients with newly diagnosed AML and in patients with more favorable disease characteristics if added to standard induction chemotherapy. 9, 10, [15] [16] [17] [18] Although concerns about increased deaths associated with GO and the lack of overall survival benefit when combined with standard induction therapy in a phase 3 trial with de novo patients with AML led to voluntary market withdrawal of the drug in 2010, these new findings provide the confirmation that CD33 is an important target in AML. 9, 10 Here we report the preclinical development and characterization of a novel ADC, SGN-CD33A, which consists of an anti-CD33 mAb conjugated to a novel synthetic pyrrolobenzodiazepine (PBD) dimer structurally related to anthramycin isolated from Streptomyces refuineus. Molecules in the PBD family cause cell death by crosslinking DNA and interrupting cell division and are being explored clinically for the treatment of human cancer. [19] [20] [21] Our findings demonstrate that SGN-CD33A has robust activity in vitro against a broad panel of AML cell lines and primary patient samples, as well as in vivo using preclinical AML models, including those in which GO had minimal effect.
Materials and methods h2H12ec mAb and synthesis of SGN-CD33A
Antibodies directed against human CD33 were generated in Balb/c mice by immunization with a recombinant human CD33-Fc fusion protein encompassing the extracellular domain (Asp18-His259). A murine clone, m2H12, was selected on the basis of its binding affinity to human and nonhuman primate CD33 and its ability to deliver cytotoxic drugs in cytotoxicity assays. The m2H12 antibody was humanized by aligning the murine VH and VL sequences to functional human germline sequences. Constructs were made on the basis of framework homology and canonical structure. Humanized/ chimeric hybrid variants were screened for binding to CD33-positive cell lines and selected on the basis of binding properties that matched closely those of m2H12. The final antibody, h2H12, was engineered to contain a cysteine at position 239 on the heavy chain (IgG 1 , S239C [Ser-Cys] mutation) for sitespecific drug attachment that enabled the development of a well-defined, monomeric product. Subsequently, this h2H12ec antibody was linked to the PBD dimer (SGD-1882) via a maleimidocaproyl-valine-alanine drug linker, as described previously. 22 
Human AML cell lines
Human AML cell lines were obtained from the American Type Culture Collection (Manassas, VA) or Deutsche Sammlung von Mikroorganismen und Zellkulturen (Braunschweig, Germany). The cells were grown according to the supplier's instructions, using media and heat-inactivated fetal bovine sera from LifeTech (Carlsbad, CA). The presence of drug transporter activity was functionally determined via efflux of the substrate dye, rhodamine 123 (supplemental Figure 1 , available on the Blood Web site). 23 
Primary patient samples
Eighteen diagnostic specimens from patients with newly diagnosed AML and more than 40% blasts in the bone marrow were obtained from repositories of the Children's Oncology Group and Fred Hutchinson Cancer Research Center (FHCRC; supplemental Table 1 ). Samples were immunophenotyped with fluorescent-labeled antibodies against CD33, CD34, and CD38 (BD Biosciences, San Jose, CA). The activities of P-glycoprotein, multidrug resistance protein, and breast cancer resistance protein were determined using a commercial flow cytometric kit (eFLUXX-ID; ENZO Life Sciences, Plymouth Meeting, PA; supplemental Figure 1 ). Human specimen research was approved by the Institutional Review Board at FHCRC.
In vitro saturation and internalization studies
For binding studies, AML cell lines (HL-60 and HEL 92.1.7) and HEK-293F cells engineered to express either full-length human or cynomolgus CD33 were incubated with increasing concentrations of AlexaFluor (AF) 647-labeled anti-CD33 mAb (0.85 pM to 50 nM) on ice for 30 minutes. Cells were pelleted by centrifugation, washed, and resuspended in PBS 1 1% bovine serum albumin before flow cytometric analysis. The fluorescent readout was used to determine percentage bound and to calculate apparent Kd. A similar method was used to conduct the competition-binding studies except that the cells were incubated for 1 hour with a fixed amount of labeled antibody (1 nM AF647-labeled m2H12) because of the addition of increasing concentrations (30 pM to 600 nM) of unlabeled antibody. The fluorescent readout was used to determine percentage bound AF647-m2H12 mAb. The EC 50 was extrapolated by fitting the data to a sigmoidal dose-response curve with variable slope, using Prism (GraphPad, San Diego, CA). For internalization and trafficking studies, human HNT-34 AML cells were first kept on ice in the presence of 100 ng/mL SGN-CD33A to facilitate binding before further incubation for varying times at 37°C in a tissue culture incubator to track the disappearance of the ADC-CD33 complex from the cell surface. The cells were then washed with cold PBS to remove unbound ADC and were allowed to adhere to poly-d-lysine coated slides (BD Biosciences) before fixation/ permeabilization with Cytofix/Cytoperm (BD Biosciences). Bound ADC was detected with AF488-labeled goat anti-human IgG (Molecular Probes, Eugene, OR). Lysosomal compartments were visualized with AF647-labeled LAMP-1 antibody (mouse CD107; BD Biosciences), whereas nuclei were stained with DAPI (49,6-diamidino-2-phenylindole; BD Biosciences). Fluorescence images were acquired with a Carl Zeiss Axiovert 200M microscope.
Determination of in vitro drug-induced cytotoxicity
For in vitro cytotoxicity assays with AML cell lines, cells were incubated with ADC in RPMI-1640 media supplemented with 10% heat-inactivated human serum (Gemini Bio Products, West Sacramento, CA) for 96 hours. Cell viability was measured with CelltiterGlo (Promega, Madison, WI), and luminescence was determined using an Envision Xcite multiplate reader (PerkinElmer, Waltham, MA). In some studies, cells were first treated with ADC or unconjugated SGD-1882 and then processed using the Annexin V-FITC Apoptosis Detection kit (EMD Millipore, Billerica, MA). Additional measurements to determine effects on DNA fragmentation (Roche Applied Sciences, Indianapolis, IN), caspase-3 activity (Promega), and mitochondrial membrane integrity (Mitocapture and Cytochrome C ELISA; ENZO Life) were performed according to the manufacturers' instructions. For in vitro cytotoxicity assays with primary patient samples, bulk cells (from 2 to 6 3 10 5 ) were incubated in Iscoves' Modified Dulbecco's medium supplemented with 20% heat-inactivated human serum and 25 ng/mL each of interleukin 3, stem cell factor, granulocyte-colony stimulating factor, and granulocyte-macrophage colony-stimulating factor (PeproTech, Rocky Hill, NJ). After 4 days, cells were stained with Annexin V and DAPI. Data were acquired on a FACSCanto flow cytometer (BD Biosciences), analyzed with FloJo software (TreeStar Inc., Ashland, OR), visualized using nonlinear regression analysis (GraphPad), and reported as IC 50 , the concentration of compound needed to yield a 50% reduction in viability compared with vehicle-treated cells (control 5 100%).
Cell cycle analyses
For cell cycle analysis, AML cells were labeled for 30 minutes with bromodeoxyuridine (BrdU; BD Biosciences). Nascent DNA synthesis was detected using an anti-BrdU antibody (BD Biosciences), whereas total DNA content was detected with propidium iodide by flow cytometry with a FACSCalibur instrument (BD Biosciences).
Western blotting
Cell lysates prepared with RIPA buffer (50 mM TRIS at pH 7.5 containing 1% NP-40, 150 mM NaCl, 1 mM EDTA, 1 mM EGTA, protease inhibitor cocktail [Roche] and phosphatase inhibitor sets 1 and 2 [EMD Millipore]) were run on 4% to 20% gradient TRIS-Gly mini-gels (LifeTech). After transfer, polyvinylidene difluoride membranes (LifeTech) were blotted with rabbit polyclonal antibodies recognizing p53, phospho-p53 (Ser15), cleaved poly(ADP-ribose)polymerase (Asp214), phospho-Chk1 (Ser345), phospho-Chk2 (Thr68), phospho-cdc2 (Tyr15), Bmf (G81), or b-actin (Cell Signaling Technology, Danvers, MA). To assess effects on histone 2AX (H2AX) phosphorylation, histone proteins were isolated and analyzed by Western blot according to protocols from AbCam (Cambridge, MA). Briefly, after cell lysis, histones were extracted with PBS containing 0.5% Triton-X 100 and protease inhibitors, and extracts were run on 4% to 12% BIS-TRIS NUPAGE gels (LifeTech), transferred onto nitrocellulose membranes, and blotted with anti-H2AX rabbit polyclonal (AbCam) and anti-phospho-H2AX mouse monoclonal (EMD Millipore) antibodies. After washing, blots were incubated with appropriate HRP-conjugated secondary antibodies (Jackson Immunoresearch, West Grove, PA), and immunoreactive signals were visualized with chemiluminescent reagents (Supersignal West Pico; ThermoScientific, Rockford, IL).
Assessment of SGN-CD33A activity against in vivo models of human AML
All animal experiments were conducted in a facility accredited by the Association for Assessment of Laboratory Animal Care under Institutional Animal Care and Use Committee guidelines and appropriate animal research approval. Localized models of AML were established in female C.B-17 SCID mice (Harlan, Indianapolis, IN) by implanting 5 3 10 6 cells (HEL 92.1.7, TF1-a, and HL-60) subcutaneously in the flank. Tumor growth in the localized models was monitored throughout the course of the study with bilateral vernier caliper measurements, and mean tumor volumes were calculated using the equation (0.5 3 [length 3 width 2 ]). When tumors reached approximately 100 mm 3 , mice were randomly assigned to receive SGN-CD33A, GO, a control nonbinding ADC, or unconjugated h2H12ec intraperitoneally. SGD-1882, when administered, was given intravenously. For the disseminated model of disease, 5 3 10 6 TF1-a cells were injected intravenously into the lateral tail vein. Animals were observed and euthanized for evidence of significant progressive disease (eg, hind limb paralysis, weight loss of more than 15%); more than 90% of the untreated mice required euthanizing within 45 to 60 days after tumor cell administration as a result of progressive AML. Treatment with test compounds occurred 7 days after injection, when tumor cells were detectable in the circulation and bone marrow. For the primary AML xenograft model, NOD/SCID/IL-2Rg null mice (NSG; The Jackson Laboratory, Bar Harbor, ME) were irradiated with 1 Gy 1 day before intravenous injection of 7 3 10 5 primary leukemia cells from a patient with relapsed AML (06227; AllCells, Emeryville, CA). Disease burden in the blood and bone marrow was monitored periodically by flow cytometric staining of human CD45 1 /CD33 1 cells, and treatment was initiated when tumor burden in the bone marrow approached 80% (typically around 80 days postimplant). To monitor treatment effects, small amounts of bone marrow were obtained from the femoral notch region between the epicondyles from mice under anesthesia and analyzed by flow cytometry. Data were plotted and analyzed using the logarithmic rank (Mantel Cox) test (GraphPad).
Results
Basic characteristics of SGN-CD33A SGN-CD33A was generated by conjugating a PBD dimer (SGD-1882) via the maleimidocaproyl-valine-alanine dipeptide linker to engineered cysteine residues (S239C) on h2H12ec ( Figure 1A) . The latter was introduced to facilitate precise loading of the mAb; indeed, For personal use only. on April 12, 2017. by guest www.bloodjournal.org From as determined by reverse-phase liquid chromatography, drug loading was very homogeneous, averaging 1.9 PBD moieties per antibody ( Figure 1B ). Proteolytic cleavage of the peptide linker is required to release SGD-1882 from the ADC (data not shown). The relative binding affinity of the antibody and ADC for CD33 was determined using saturation binding and competition binding studies. As summarized in Table 1 , the K D values for m2H12, h2H12, h2H12ec, and SGN-CD33A, determined for human CD33 expressed as an endogenous protein in 2 AML cell lines (HL-60 and HEL 92.1.7) or as a recombinant protein in HEK293F-transfected cells, were comparable. As demonstrated with HNT-34 AML cells ( Figure 2 ) and other AML cell lines (not shown), binding of SGN-CD33A to CD33 on the cell surface resulted in internalization of the ADC-CD33 complex and colocalization with the lysosomal compartment within hours, confirming cellular uptake after target recognition.
In vitro cytotoxicity of SGN-CD33A against CD331 AML cells
The antitumor activity of SGN-CD33A was first assessed in a panel of CD33 1 AML cell lines. As shown in Table 2 , SGN-CD33A was highly active against all 12 tested cell lines regardless of MDR or p53 status, with a mean IC 50 of 22 ng/mL. In comparison, GO exhibited activity against only 8 of these cell lines with a mean IC 50 of 59 ng/mL. Notably, SGN-CD33A was active against all 4 MDR 1 cell lines (mean IC 50 , 30 ng/mL), whereas GO demonstrated moderate activity in only 1 of the 4 cell lines (IC 50 , 227 ng/mL for the responsive line and IC 50 . 1000 ng/mL for the others). In contrast, both ADCs were inactive against 3 non-AML cell lines ( Table 2 ). The effects of SGN-CD33A were then investigated in diagnostic specimens from patients with AML. As summarized in Table 3 , SGN-CD33A was found to be active against 15 of 18 primary AML samples, with higher potency (mean IC 50 for responsive samples, 8 ng/mL) than GO, which showed activity in 10 of 18 AML samples (mean IC 50 for responsive samples, 27 ng/mL). Of note, SGN-CD33A activity was seen in specimens across the entire cytogenetic risk spectrum (ie, unfavorable, intermediate, and favorable), whereas the activity of GO was reduced or absent in MDR 1 samples or in patients with unfavorable cytogenetics.
Although no significant correlation was found between ADC activity and levels of CD33, the activity of both ADCs was reduced CD33 1 AML cells and CD33-negative cell lines were incubated with increasing concentrations of SGN-CD33A or GO for 96 hours before processing with CelltiterGlo. Data are expressed as IC 50 , the concentration of ADC required to give a 50% reduction in cell viability. CD33 receptor copy number (copies/cell) was determined by flow cytometry, using the DAKO QiFi kit. MDR, multidrug resistance; NT, not tested; 1, rhodamine dye efflux more than 2-fold above background. or absent in specimens with very low expression levels of CD33, and both were inactive against 1 primary AML specimen (SG012) in which CD33 could not be detected (Table 3) . SGN-CD33A also demonstrated dose-dependent and CD33-dependent effects on the formation of CFU-GM, but not erythroid colonies from normal human CD34 1 bone marrow progenitor cells (supplemental Figure 2 ). Together, these data demonstrate that SGN-CD33A selectively targets CD33 1 cells and displays potent cytotoxic activity toward established AML cell lines and primary AML patient samples with higher activity than GO.
Mechanism of cytotoxicity of SGN-CD33A
PBDs have previously been shown to bind to DNA and form sequence-selective DNA lesions (ie, palindromic 59-Pu-GATC-Py-39 interstrand cross-links), which are thought to be mainly responsible for their cytotoxic activity. 20, 24 As an early marker indicating recruitment of DNA repair machinery, histone 2AX is phosphorylated at serine 139 (gH2AX) as DNA damage accumulates with such lesions. 25 As depicted in Figure 3A , treatment of MDR 1 HEL 92.1.7 AML cells for 44 to 48 hours with SGN-CD33A or the unconjugated PBD dimer (SGD-1882) resulted in dose-dependent increases in the levels of gH2AX, with levels detectable as early as 7 to 24 hours after exposure to SGD-1882 and 16 to 24 hours with the ADC (supplemental Figure 3 ). Furthermore, after a 2-day treatment of HEL 92.1.7 cells with SGN-CD33A or SGD-1882, marked increases in the formation of cleaved PARP, the phosphorylation of p53 and the cell cycle checkpoint kinases, Chk1 and Chk2, and in caspase-3 activity were observed ( Figures 3B-C; supplemental Figure 3 ). The levels of these proteins increased with increasing concentrations of SGN-CD33A or PBD dimer alone compared with the levels measured in untreated cells ( Figure 3B-C) . In contrast, levels of Bcl-2 protein family members did not measurably change after drug treatment except for an increase in the Bcl-2-modifying factor, Bmf ( Figure 3B and data not shown). Dose-and time-dependent changes in other apoptotic markers were also observed, including phosphatidylserine translocation to the outer membrane detectable by Annexin V staining, disruption of mitochondrial membrane integrity (DCm), and translocation of cytochrome c from mitochondria to the cytosol ( Figure  3D-F) . HEL 92.1.7 cells treated with either SGN-CD33A or SGD-1882 arrested at the G2/M phase of the cell cycle compared with untreated cells or cells treated with a nonbinding ADC (Table 4 ). Consistent with the overwhelming accumulation of DNA damage, fragmented DNA was detectable and apoptotic cells with condensed or fragmented nuclei were visible by microscopy within hours of treatment of AML cells with either SGN-CD33A or SGD-1882 (supplemental Figures 4  and 5 ). Similar dose-dependent and time-dependent effects on DNA damage responses and apoptotic mechanisms were found in p53deficient, 26 MDR-negative HL-60 cells treated with either SGN-CD33A or SGD-1882 (supplemental Figures 3 and 6 ; supplemental Table 2 ). Together, these findings demonstrate the potent activity of both SGD-1882 and SGN-CD33A in triggering a cascade of cellular events leading to cycle arrest and apoptosis of AML cells, with pathways and outcomes that appear similar across cell lines despite differences in MDR or p53 status.
In vivo antitumor activity of SGN-CD33A
Having demonstrated potent anti-AML activity in vitro, the antitumor activity of SGN-CD33A was evaluated in several subcutaneous models (HL-60, TF1-a, and HEL 92.1.7) and 2 disseminated mouse models of AML: 1 using TF1-a cells and 1 employing a primary AML patient isolate. Complete and durable antileukemic responses were found in all mice given a single dose of 100 mg/kg SGN-CD33A or 1000 mg/kg GO in the MDR-negative HL-60 model ( Figure 4A ; P 5 .0005 to control groups). A lower dose of 30 mg/kg SGN-CD33A reduced tumor growth compared with the control group (P 5 .0005; Figure 4A ), whereas GO had minimal activity when dosed at 100 mg/kg.
In the drug-resistant models, SGN-CD33A demonstrated similar potent antileukemic activity, with complete responses in the HEL 92.1.7 model when mice were treated with a single dose of 1000 mg/kg SGN-CD33A, and with 3 of 7 mice remaining tumor-free at the end of the study (P , .0001 to controls; Figure 4B ). An even lower dose of SGN-CD33A (300 mg/kg) resulted in delayed tumor growth (P , .0001; Figure 4B ), whereas GO was not active in this model even at doses as high as 1000 mg/kg (data not shown). Likewise, a single dose of 300 mg/kg SGN-CD33A resulted in complete and durable antileukemia responses in the TF1-a model, with 5 of 7 mice remaining tumor-free (P , .0001), whereas a lower dose of SGN-CD33A (100 mg/kg) significantly delayed tumor growth (P , .0001 to controls; Figure 4C ). Again, GO was not active in this model in doses up to 1000 mg/kg ( Figure 4C ). Most important, targeted delivery of SGD-1882 (ie, via SGN-CD33A) was required to achieve complete antitumor activity, whereas no inhibition of tumor growth was observed with the unconjugated h2H12ec, an equivalent dose of free SGD-1882, or an admixture of SGD-1882 and h2H12ec ( Figure 4D) . SGN-CD33A also demonstrated potent antileukemic activity in a disseminated model of the drug-resistant TF1-a, with a single dose of 100 or 1000 mg/kg significantly improving survival (P 5 .002 and P , .0001, respectively, compared with untreated animals; Primary AML samples were incubated with increasing concentrations of SGN-CD33A or GO for 96 hours before flow cytometric analyses of live/dead cells. Data are expressed as IC 50 , the concentration of ADC required to give a 50% reduction in cell viability. CD33 expression on bulk tumor cells and the CD34 1 subset were determined by flow cytometry and expressed as MFI. The CD34 1 subset (data not shown) expressed CD33 if this antigen was found on the bulk tumor cells and expression levels in these 2 groups were comparable. 1, fluorescence in the presence of 2 different MDR pump inhibitors more than 2-fold above background; MDR, multidrug resistance; MFI, mean fluorescence intensity. BLOOD, 22 AUGUST 2013 x VOLUME 122, NUMBER 8 PRECLINICAL ACTIVITY OF SGN-CD33A IN AML 1459 Figure 4E ). Three of 8 mice dosed with 1000 mg/kg ADC were alive at 120 days, whereas a nonbinding ADC or GO had no activity ( Figure 4E ). Finally, in the murine model established with cells from a patient with relapsed AML, in which human CD45 1 CD33 1 tumor cells expanded primarily in the bone marrow, 2 doses of SGN-CD33A significantly reduced the leukemia burden between days 10 and 31 (P , .01 compared with untreated cohorts), with progression of the disease observed after day 45 ( Figure 4F ). Taken together, these data demonstrate that SGN-CD33A has marked, dosedependent, and specific antileukemia activity in AML xenograft models that is more extensive and more potent than the activity observed with GO.
Discussion
In this report, we describe the development and preclinical testing of a novel ADC, SGN-CD33A, which consists of an engineered, humanized anti-CD33 mAb conjugated via a protease-cleavable dipeptide linker to a highly potent, synthetic DNA cross-linking PBD dimer, SGD-1882. The findings from our studies allow several general conclusions. First, the use of a mAb with engineered cysteines at the sites of drug linker attachment results in predictable, homogeneous drug loading of approximately 2 PBD dimers per ADC. Second, SGN-CD33A is highly active in a CD33-specific manner against a panel of AML cell lines and primary AML cells HEL 92.1.7 cells were incubated with SGN-CD33A, SGD-1882, or a nonbinding control ADC for 48 hours before BrdU incorporation and processing for flow cytometric analysis. The results shown are representative of data obtained from 3 separate experiments. Nascent DNA synthesis was detected with anti-BrdU, whereas total DNA content was determined with propidium iodide. One hundred nanograms per milliliter SGN-CD33A is the ADC equivalent of 1 nM SGD-1882.
in vitro as well as in vivo, as evidenced by the results of the mouse xenotransplantation studies. Mechanistic studies indicate that the cytotoxic effects of this ADC involve DNA damage with resultant cell cycle arrest and apoptotic cell death. Third, potent antileukemic activity was observed in both MDR-negative and MDR 1 models of AML. Together, these data suggest the potential clinical utility of SGN-CD33A as a therapeutic for patients with AML and support the clinical testing of this agent.
GO has been an important paradigm for the use of antibodybased therapeutics in AML, with emerging data from wellcontrolled trials supporting the conclusion that CD33 is a relevant drug target for some patients with AML. 9,10 Nonetheless, several factors have been identified that have limited the clinical efficacy of GO, including heterogeneous drug loading (approximately 50% of the anti-CD33 mAb molecules are unconjugated in clinical-grade GO) and cellular efflux of the toxic GO payload, calicheamicin-g 1 , by drug transporter proteins. In fact, expression of transporter proteins has been repeatedly associated with resistance to GO both in vitro and in vivo. [27] [28] [29] [30] This is particularly problematic, as the MDR phenotype is common in AML and has been identified as an independent factor predicting treatment failure. 5, 31 SGN-CD33A adds a significant improvement to CD33targeted immunotherapy of AML. In particular, SGN-CD33A takes advantage of novel linker technologies, which enable the production of ADCs with uniform drug loading of antibody molecules. This is expected to considerably increase delivery and intracellular toxin uptake by targeted cells. Second, SGN-CD33A uses a toxic moiety that maintains antitumor activity despite the MDR phenotype. Indeed, SGN-CD33A was highly active against AML cell lines and primary AML cells, regardless of MDR status. Likewise, a single dose of SGN-CD33A was sufficient in reducing tumor growth and producing durable remissions in both MDRnegative and MDR 1 AML xenograft models, whereas GO was inactive in MDR 1 models. In addition, the cytotoxic activity of SGN-CD33A was not limited by cytogenetic risk (unfavorable, intermediate, or favorable). In contrast, GO was less active in samples from patients with unfavorable cytogenetics. These findings suggest that SGN-CD33A may exert significant cytotoxic effects in a broad range of AML, including those that are characterized by MDR mechanisms or poor risk cytogenetics, offering an important advantage over GO as potential therapeutic agent for the treatment of AML. Mice were dosed once with SGN-CD33A, nonbinding control ADC, GO, unconjugated h2H12ec, or SGD-1882 PBD dimer when tumors reached ;100 mm 3 (arrow). Antitumor activity was also assessed in disseminated models developed with (E) TF1-a and (F) cells from a patient with MDR 1 relapsed AML disease. Seven days after intravenous administration of TF1-a cells, SCID mice were dosed once with SGN-CD33A, nonbinding control ADC or GO (arrow). Animals were monitored and euthanized on evidence of disease. For the primary AML model, NSG mice were injected with patient isolate, and when the tumor burden in the bone marrow approached 80%, as assessed by flow cytometry (left), mice were dosed on day 0 and day 11 with 300 mg/kg SGN-CD33A (right). AML blast percentages were determined in bone marrow aspirates from live mice (day 1 and day 10; n 5 12/group) and in mice terminated on days 21 to 55 (n 5 3/group). SGN-CD33A treatment had no adverse effects on the health of the mice at all of the doses tested. BLOOD, 22 AUGUST 2013 x VOLUME 122, NUMBER 8 PRECLINICAL ACTIVITY OF SGN-CD33A IN AML 1461
For personal use only. on April 12, 2017. by guest www.bloodjournal.org From PBD dimers are a recently discovered class of potent cytotoxic agents that are thought to initiate cellular damage through DNA cross-linking that eventually leads to apoptosis and cell death. 19, 20 Consistent with this presumed mechanism, SGN-CD33A or SGD-1882 induced significant increases in the levels of phosphorylated H2AX, an early DNA damage marker, and cell cycle checkpoint proteins Chk1 and Chk2. Interestingly, cytotoxic effects of these agents were observed in a wide panel of AML cell lines, regardless of p53 status, indicating that p53 was not essential for their antileukemic activity, although phosphorylation of p53 and upregulation of the proapoptotic Bcl-2 family member, Bmf, was observed in HEL 92.1.7 cells. Further studies are necessary to fully elucidate the differences in p53-dependent and p53-independent signaling events that are elicited in response to PBD dimer-induced cytotoxicity in myeloid cells.
In conclusion, our data demonstrate that SGN-CD33A is active in a broad panel of cell samples and mouse models of AML and, in contrast to GO, is active in samples despite MDR expression or poor-risk cytogenetics. Conjugation of SGD-1882 to the h2H12ec antibody imparted selectivity for CD33 1 cells and enhanced cytotoxic activity, an approach that may offer improved antitumor activity against emergent or residual drug resistance in AML. Given these promising preclinical findings, clinical testing of SGN-CD33A is warranted.
